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the	widespread	 use	 and	 subsequent	 limitation	 on	DDT	 in	North	 America	 selected	










wings	 of	 forest	 birds	 in	 eastern	North	America	 have	 become	more	
pointed	in	boreal	regions	and	less	pointed	in	temperate	regions	over	
the	 past	 century,	which	 Desrochers	 (2010)	 interpreted	 as	 resulting	
from	 selection	 pressure	 arising	 from	 landscape	 changes,	 specifically	








energetically	 efficient	 for	 sustained	 flight	 due	 to	 their	 greater	 drag	
(Savile,	 1956;	 Rayner,	 1988;	Norberg,	 1990;	Hedenström	&	Møller,	
1992;	Pennycuick,	Fuller,	Oar,	&	Kirkpatrick,	1994;	Vágási	et	al.,	2016).
Morphometric	change	may	result	from	natural	or	sexual	selection,	
as	 in	 all	 of	 the	 above	examples,	 but	 can	 also	be	due	 to	phenotypic	











(Rode,	Amstrup,	 &	 Regehr,	 2010;	Gardner,	 Peters,	 Kearney,	 Joseph,	







our	understanding	of	 the	extent	 to	which,	 and	how	 rapidly,	 species	
may	 respond	 to	macroenvironmental	changes	 (Botero,	Dor,	McCain,	
&	Safran,	2014).
This	study	examines	long-	term	variation	in	two	measures	of	body	
size	 in	a	 long-	distance	migratory	 shorebird,	 the	 semipalmated	sand-
piper	(Calidris pusilla).	The	species	breeds	across	arctic	North	America	





(Hicklin	 &	 Chardine,	 2012).	 The	 species	 has	 a	 marked	 geographic	
cline	in	size	across	the	breeding	range,	with	bills	and	wings	shorter	in	




Atlantic	 coast,	 particularly	 the	 Bay	 of	 Fundy.	 Hicklin	 and	 Chardine	
(2012)	interpreted	the	shorter	metrics	they	reported	around	2000	as	
support	 for	 the	hypothesis	 that	eastern,	 long-	billed	populations	had	
recently	 undergone	 large	 and	 disproportionate	 population	 reduc-
tions,	 resulting	 in	 relatively	 lower	 usage	 of	 this	 migratory	 site	 than	
























ger	hypothesis	 accounts	 for	many	 features	of	 the	morphometric	data	and	deserves	
further	investigation	in	this	and	other	species.
K E Y W O R D S
allometry,	Calidris pusilla,	environmental	change,	phenotypical	change,	predation	risk,	
semipalmated	sandpiper
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of	any	real	phenotypic	changes.	 If	body	size	differs	among	breeding	
areas,	 changing	 representation	 bias	 from	 different	 areas	 of	 origin	















on	 the	breeding	 range,	 rather	 than	or	 in	 addition	 to	 changes	 in	mi-








We	 assembled	 field	 measurements	 of	 bill	 and	 wing	 length	 from	
>57,000	 semipalmated	 sandpipers	 captured	 as	 live	 adults	 between	
1972	and	2015	at	five	breeding	sites	across	the	Arctic	and	at	three	
major	southbound	migratory	stopover	sites.	Morphometric	data	origi-
















assigned	to	“western”	 (Alaska);	 “central,”	 including	western	Nunavut,	









taken	 using	 wing	 rulers;	 precision	 was	 1.0	mm	 at	 most	 sites,	 but	
0.5	mm	at	some.	At	most	sites	in	most	years,	“flattened”	wing	length,	












Our	 analytical	 approach	 compares	 estimated	metrics	 of	 samples	 or	






each	 region,	we	 first	 generated	 normal	 size	 distributions	 from	 sex-	
specific	means	and	standard	deviations	of	the	pooled	museum	speci-
mens	within	each	region	(Harrington	&	Morrison,	1979;	their	Table	2).	
We	 then	 randomly	 drew	 1,000	males	 and	 1,000	 females	 from	 the	
simulated	 regional	 distributions	 and	pooled	 the	 sexes	 to	estimate	 a	
regional	population	mean	and	standard	deviation	 (SD).	These	values	
are	displayed	in	the	left	portion	of	each	panel	in	Figure	1.
We	 compared	 baseline	 historical	 distributions	 with	 the	 earliest	
morphometrics	 from	 live	 breeding	 birds	 that	 were	 available	 from	






samples	 drawn	 from	 the	 simulated	 historical	 distributions.	 To	make	
comparisons	with	appropriate	statistical	power,	we	drew	random	sam-
ples	from	the	historical	distributions,	with	replacement,	each	with	N 
equal	 to	 the	 number	 of	museum	 specimens	 originally	measured	 for	
that	 region	and	metric	 (Harrington	&	Morrison,	1979;	 their	Table	2).	
We	then	compared	 the	 live	versus	historical	distributions	with	 two-	
sample	 t	 tests.	We	 report	 the	mean	 t-	values	 and	 probabilities	 from	
tests	against	30	random	samples	drawn	from	each	region’s	historical	
distribution	(Table	2).
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TABLE  1 Summary	table	of	the	morphometric	data	(wing	length,	exposed	culmen	length)	of	adult	semipalmated	sandpipers
Location and References Year














1993 194 97.94 ± 0.19 17.96 ± 0.08 BKS
1994 131 97.45 ± 0.24 17.92 ± 0.10 BKS
1995 118 98.18 ± 0.25 17.64 ± 0.12 BKS
1996 46 97.80 ± 0.34 17.76 ± 0.19 BKS
1998 35 96.90 ± 0.45 17.24 ± 0.28 DS
1999 20 98.60 ± 0.58 17.90 ± 0.16 DBL
2010 32 96.91 ± 0.45 18.55 ± 0.23 DBL
2011 90 95.02 ± 0.28 18.39 ± 0.18 BKS,	EK
2012 69 94.74 ± 0.36 18.11 ± 0.13 BKS,	EK
2013 58 95.77 ± 0.33 18.24 ± 0.15 BKS,	EK
2014 32 95.64 ± 0.37 17.94 ± 0.18 BKS,	EK
Central Breeding Region




1991 3 99.67 ± 0.88 18.53 ± 0.44 CLGT
1992 8 98.50 ± 087 18.62 ± 0.47 CLGT
1994 11 100.00 ± 0.77 18.90 ± 0.44 CLGT
2010 9 95.89 ± 0.73 17.90 ± 0.44 JR	and	LPD
2011 14 96.70 ± 0.98 17.99 ± 0.49 JR	and	LPD
2012 16 94.38 ± 0.61 18.48 ± 0.31 JR	and	LPD
2013 28 95.25 ± 0.56 18.14 ± 0.32 JR	and	LPD




1994 11 100.00 ± 0.77 18.90 ± 0.44 CGLT
Eastern Breeding Region




1980 40 101.10 ± 0.36 20.64 ± 0.18 CLGT
1981 52 100.25 ± 0.34 20.42 ± 0.18 CLGT
1982 60 100.52 ± 0.31 20.57 ± 0.16 CLGT
1983 55 100.47 ± 0.32 20.83 ± 0.16 CLGT
1984 54 100.15 ± 0.30 20.58 ± 0.15 CLGT
1985 66 100.20 ± 0.27 20.59 ± 0.13 CLGT
1986 33 100.30 ± 0.44 20.58 ± 0.21 CLGT




2004 35  95.69 ± 0.40 19.95 ± 0.25 PAS
2005 15  98.27 ± 0.81 20.59 ± 0.33 PAS
2013 34  97.91 ± 0.56 19.68 ± 0.21 PAS
2014 28  99.50 ± 0.36 19.88 ± 0.27 SGN




1972 1,118 92.33 ± 0.08 19.89 ± 0.05 BH	+	PD
1973 682 93.04 ± 0.10 20.41 ± 0.06 BH	+	PD
(Continues)
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Location and References Year








1976 366 93.41 ± 0.12 20.45 ± 0.08 BH	+	PD
1977 334 93.54 ± 0.16 20.12 ± 0.08 BH	+	PD
1978 456 92.59 ± 0.11 20.20 ± 0.07 BH	+	PD
1979 542 92.78 ± 0.11 19.92 ± 0.06 BH	+	PD
1985 607 94.53 ± 0.10 20.28 ± 0.06d BH	+	PD
1986e 25 95.12 ± 0.52 19.25 ± 0.30d BH	+	PD
1987 200 92.90 ± 0.16 20.32 ± 0.10d BH	+	PD
1988 170 92.76 ± 0.17 19.92 ± 0.14d BH	+	PD
1989 122 93.72 ± 0.26 20.11 ± 0.15d BH	+	PD
1990 255 93.60 ± 0.16 19.75 ± 0.11d BH	+	PD
1991e 58 93.98 ± 0.36 18.89 ± 0.21d BH	+	PD
1993 286 94.28 ± 0.15 20.56 ± 0.08d BH	+	PD
1994 142 94.11 ± 0.21 19.71 ± 0.13d BH	+	PD





1975 2,202 98.75 ± 0.05 19.12 ± 0.03 RIGM,	CLGT
1976 6,013 99.87 ± 0.03 19.42 ± 0.02 RIGM,	CLGT
1977 5,299 99.27 ± 0.03 19.48 ± 0.02 RIGM,	CLGT
 1978 5,047  99.92 ± 0.03 19.63 ± 0.02 	RIGM,	CLGT
1979 2,152 100.23 ± 0.05 19.52 ± 0.03 RIGM,	CLGT
1980 1,408 100.12 ± 0.07 19.48 ± 0.03 RIGM,	CLGT
1981 1,357 99.68 ± 0.07 19.90 ± 0.03 RIGM,	CLGT
1982 1,690 99.26 ± 0.06 19.68 ± 0.03 RIGM,	CLGT
2014 227 97.10 ± 0.17 19.19 ± 0.09 	CF







1981 1,290 100.50 ± 0.08 20.22 ± 0.04 PH
1982 1,225 99.39 ± 0.07 20.09 ± 0.04 PH
1984e 88 99.73 ± 0.29 20.85 ± 0.15 PH
1986 1,811 97.66 ± 0.06 20.18 ± 0.04 PH
1987 1,335 98.97 ± 0.08 20.23 ± 0.04 PH
1989 272 97.34 ± 0.08 20.02 ± 0.09 PH
1997f 1,776 97.02 ± 0.07 19.85 ± 0.03 PD,	8	others
1998f 1,304 93.81 ± 0.07 19.90 ± 0.04 PD,	4	others
1999f 1,592 95.19 ± 0.06 19.68 ± 0.03 PD,	1	other
2000f 885 95.40 ± 0.08 19.38 ± 0.05 PD
2001f 1,878 93.34 ± 0.07 19.54 ± 0.03 PD
2002f 1,902 92.25 ± 0.06 19.83 ± 0.03 PD
2003f 858 92.66 ± 0.09 19.34 ± 0.04 PD
2004f 739 93.90 ± 0.09 19.19 ± 0.05 NM,	NG
2005f 213 93.85 ± 0.17 19.58 ± 0.10 NG
2006f (75,	1,030) 98.11 ± 0.32 19.75 ± 0.05 –
2012 717 97.65 ± 0.09 19.68 ± 0.05 CLGT,	JP
2013 1,153 97.94 ± 0.08 20.12 ± 0.04 CLGT,	JP
2014 1,179 98.21 ± 0.08 20.29 ± 0.04 CLGT,	JP,	DJH	
TABLE  1  (Continued)
(Continues)
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We	contrasted	measurements	made	during	the	1980s	and	1990s	
with	 available	 measurements	 made	 in	 2004	 and	 later,	 with	 most	
made	 after	 2010	 (Table	1),	 using	 data	 pooled	within	 “early”	versus	
“late”	periods	and	two-	sample	t	tests.	To	test	for	trends	across	years,	
our	 unit	 of	 analysis	was	 the	 annual	 mean	 per	 region	 or	 migration	
site,	 rather	 than	 the	 original	 data.	 This	 allows	 us	 to	 present	 tests	
of	comparable	statistical	power	despite	 large	differences	 in	sample	
sizes	among	sites	and	years.	When	four	or	more	years	of	data	were	
available,	we	 tested	 for	 temporal	 trends	 that	were	 linear	 (year)	 or	
quadratic	 (year	+	year2)	with	standard	 least-	squares	 regression;	 the	
data	were	 too	 sparse	 to	meaningfully	 examine	 fits	 to	 higher	 poly-





excluded	 from	 trend	 analyses	 site-	years	when	 birds	were	 sampled	
for	limited	time	periods	(Bay	of	Fundy:	1984,	2006	for	wing	lengths	






typic	 change	 in	 darwins	 and	 haldanes	 (Hendry	 &	 Kinnison,	 1999).	
Almost	all	wing	and	bill	metrics	were	taken	on	the	same	individuals,	
allowing	us	to	calculate	the	phenotypic	covariances	of	samples	from	







mated	sandpipers	are	evident	 in	 the	 regional	historical	distributions	
portrayed	on	the	left	side	of	each	panel	in	Figure	1.	Mean	bill	length	
in	the	eastern	portion	of	the	breeding	range	averaged	~2.4	mm	(13%)	
































(mm) t p N random, live
Mean difference 
(mm) t p
West 1993–1999 32,	555 +0.95 2.22 .10 32,	559 −1.09 −1.82 .12
Central 1991–1994 47,	22 +2.00 2.82 .02 46,	21 −0.13 −0.33 .68




     |  3249LANK et AL.
to	 sizes	of	 their	breeding	 regions	of	origin.	This	prediction	was	met	


















In	 contrast,	bill	 lengths	 from	 these	years	 showed	no	significant	dif-
ferences	from	corresponding	historical	means	in	any	region,	and	are	
if	 anything	 shorter	 by	 1.09,	 0.13,	 and	1.24	mm	 in	western,	 central,	

















1975–1982	data,	with	 a	1980	peak	 length	 (annual	mean	wing	=	30
9,924	+	313.33*year	−	0.07917	year2,	F[1,5]	=	9.52,	p = .027).	As	 sev-
eral	 thousand	 birds	were	 captured	 at	 this	 site	 annually,	 the	 annual	
estimates	 themselves	have	narrow	confidence	 limits,	 and	 this	 curve	
provides	solid	support	for	a	1980	peak	in	wing	length	at	this	location.
After	 1980,	 mean	 wing	 length	 decreased	 on	 breeding	 sites	 by	
nearly	4%	over	the	35-	year	period	ending	in	2015	(Table	3,	Figure	1).	
Analysis	of	covariance	shows	no	significant	regional	differences	in	rate	







between	 the	 early	 and	 later	 (2014–2015)	 years	 estimates	 a	 similar	
slope	of	−0.079	mm/year	(Table	3,	Figure	1c).	In	time	period	contrasts,	
birds	 captured	 at	 James	 Bay	 in	 2014–2015	 had	mean	wing	 length	
2.16	±	0.14	mm	 shorter	 than	 the	 mean	 of	 the	 pooled	 distribution	
from	1975	to	1982	(1975–1982:	mean	=	99.67	±	0.02;	2014–2015:	























the	 earliest	 breeding	 site	measurements.	Within	 the	 breeding	 site	
data,	a	significant	interaction	between	region	and	year	(F[2,26]	=	9.53,	
p < .001)	 indicated	 increases	 in	western	bill	 length	 (0.26	mm/year,	
p	=	.04)	 but	 decreases	 in	 the	 central	 (−0.21	mm/year,	p	=	.10)	 and	






lier	 (linear	 slope	=	−0.003	mm/year,	 difference	=	−0.23	±	0.09	mm;	
1975–82:	mean	=	19.46	±	0.01;	2014–2015:	mean	=	19.23	±	0.08;	
t[25	 168,332]	=	2.92,	p	=	.004).	 For	 the	Bay	 of	 Fundy,	modeling	 of	 all	
years’	bill	 length	means	showed	support	 for	a	quadratic,	but	not	a	
linear	 fit	 (mean	 bill	 length	=	8510.04	−	8.49*	 year	+	0.002*year2,	








Slope SE t p Slope SE t p
Breeding
Western 1993–2014 −0.131 0.027 −4.87 .001 0.026 0.011 2.42 .038
Central 1991–2014 −0.164 0.047 −3.51 .013 −0.021 0.010 −1.91 .100
Eastern 1980–2014 −0.089 0.022 −4.11 .002 −0.021 0.004 −4.7 .001
Migration
Manomet	 1972–1995 0.055 0.022 2.52 0.028 −.007 0.011 −0.67 0.518
James	Bay 1975–1982 Quadratic	fit	see	text Quadratic	fit	see	text
James	Bay 1975–1982,	2014 −0.067 0.017 −3.88 .006 −0.006 0.005 −1.21 .266
Bay	of	Fundy 1981–1989 −0.331 0.110 −3.01 .057 −0.009 0.014 −0.65 .563
Bay	of	Fundy 1998–2005 −0.184 0.167 −1.11 .311 −0.027 0.025 −1.09 .310
Bay	of	Fundy 1998–2014a Quadratic	fit	see	text Quadratic	fit	see	text
Sample	sizes	shown	in	Table	1;	p < .05	in	bold,	≤.10	in	italics.
aExcluding	1998–2005	for	wings.




average	 increased	 by	~1.3	mm.	There	was	 no	 temporal	 trend	 in	 bill	
length	(Tables	1	and	3,	Figure	1c,d).







central	 and	eastern	breeding	 samples	 (−0.021*35	years	=	−0.74	mm),	
but	 mismatches	 the	 increase	 in	 bill	 length	 in	 the	 west	 (+0.91	mm).	





















number	 of	 research	 groups	 and	 persons	within	 groups	 measuring	
birds,	improbably	specific,	sequential,	and	parallel	biases	would	have	
had	 to	 have	 occurred	 to	 produce	 these	 general	 results.	 Flattened	
wing	length	measurement	biases	among	individuals	are	on	order	of	
<1.0	mm	(see	Appendix),	substantially	less	than	the	effect	sizes	re-
ported	here.	 Furthermore,	most	of	 the	 annual	means	we	analyzed	
were	 themselves	 pooling	of	measurements	made	by	multiple	 indi-











in	wing	 and	bill	metrics	 could	 be	driven	 to	 some	extent,	 in	 principle,	









tributions,	even	 in	 the	 face,	potentially,	of	changes	 in	wing	sizes	with	
common	 developmental	 bases.	 Thus,	 a	 general	 change	 in	 body	 size	
cannot	account	for	the	patterns	of	wing	and	bill	changes;	instead,	body	
shapes	as	defined	by	at	least	these	two	metrics	have	diverged.






Location Time period N Covariance Slope (Culmen~Wing)
James	Bay 1975–1982 25168 1.661 0.257
East 1980–1987 388 1.609 0.299
Bay	of	Fundy 1981–1989 5998 1.725 0.207
Central 1991–1992,	1994 22 1.907 0.325
West 1993–1996 555 1.085 0.143
East 2004–2005 50 2.747 0.336
West 2011–2012 159 0.885 0.111
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region,	and	inferred	that	eastern	breeding	populations	had	declined	
relative	to	other	breeding	areas.	This	inference	was	consistent	with	
both	wing	 and	 bill	 length	 data	 collected	 from	 1982	 to	 1989,	 and	
with	bill	length	data	through	2006;	however,	due	to	the	annual	dif-
ferences	 in	wing	measurement	techniques	1997–2006	now	recog-
nized,	 no	 conclusions	 can	 be	 drawn	 from	 the	 large	 differences	 in	
wing	lengths	between	time	periods.	A	highly	detailed	analysis	of	bill	
lengths	at	 the	Bay	of	Fundy	1985–2015	argues	against	dispropor-
tionate	 changes	 in	 regional	 representation	 over	 the	 entire	 period,	
but	offers	no	alternative	explanation	 for	 the	 short	bill	 sizes	 in	 the	
early	2000s	(Bliss	2015).
Changes	in	wing	lengths	of	breeding	semipalmated	sandpipers	
reported	 in	 the	 present	 study,	 unknown	 to	Hicklin	 and	Chardine	
(2012),	 combined	with	 changes	 in	 the	phenotypic	 covariance	be-
tween	wing	and	bills	(Table	4),	suggest	a	hypothesis	that	could	ac-
count	 for	both	wing	 and	bill	 length	patterns	 in	 the	Bay	of	Fundy	
data.	 The	 0.56	mm	 bill	 size	 decline	 originally	 reported	 through	
2006	 and	 also	 captured	 in	 the	 quadratic	 relationships	 we	 show	
(Figure	1),	 could	 result	 from	 a	 genetic	 correlation	 at	 least	 partly	
driving	the	phenotypic	correlation	with	wing	lengths,	as	previously	
argued	for	the	correlated	changes	in	both	metrics	detected	in	the	





changed	 nonallometrically	 (Table	4),	 and	 phenotypic	 covariances	

















4.2 | Ecological causes of morphometric patterns
Any	single	hypothesis	to	explain	the	phenotypic	changes	documented	
here	must	account	 for	 (1)	 the	pre-	1980	 increase	 in	wing	 length,	 (2)	







in	 Red	 Knot	 populations	 as	 resulting	 from	 increasing	 phenological	
mismatch	with	 resources	 during	 the	 critical	 period	 of	 chick	 growth	
(see	 also	Husby	 et	al.,	 2011).	A	 similar	 process	 could	 operate	 here,	
if	 shrinking	body	 size	 is	 a	universal	 response	 to	global	 temperature	








and	 the	 nonbreeding	 season	 has	 increased,	 e.g.,	 due	 to	 habitat	 or	

















maries;	 longer	wings	 of	 semipalmated	 sandpipers	 are	more	 pointed	
and	shorter	wings	more	rounded	(Fernández	&	Lank,	2007;	Ortiz	et	al.,	
unpublished).	Several	factors	could	alter	this	balance.










efficiency	 and	 range	of	 small	 sandpipers.	Despite	 potential	 costs	 of	
this	magnitude,	wings	have	become	shorter.
Greater	agility	in	shorebirds	can	also	be	favored	by	sexual	selection	
for	 aerial	 displays,	 (Figuerola,	 1999;	 Székely,	 Reynolds,	 &	 Figuerola,	
2000),	which	would	operate	primarily	on	males.	Here	we	are	consid-
ering	mixed	 sex	populations,	 and	 there	 is	 no	 reason	 to	believe	 that	
display	modality	is	shifting	toward	greater	aerial	display	or	that	there	
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were	changes	in	the	intensity	of	competition	among	males.	If	anything,	







and	 Suriname,	 long	 the	 core	 historical	wintering	 range	 for	 semipal-
mated	sandpipers,	trembling	or	“choking	wires”	stretched	from	posts	







We	suggest	 that	historical	 changes	 in	avian	predator	abundance	
provide	 the	 most	 consistent	 and	 parsimonious	 explanation	 for	 the	
wing	size	pattern	we	have	documented.	Avian	raptors	can	be	respon-
sible	 for	substantial	mortality	of	 local	overwintering	shorebirds	 (e.g.,	
5%–14%	of	 a	 local	population	by	a	 single	merlin:	Page	&	Whitacre,	
1975)	 and	 can	 account	 for	 the	 annual	 local	mortality	 of	 20%–60%	
of	 juveniles	 (Whitfield,	 2003).	 In	 addition	 to	 this	 mortality,	 there	
may	be	 trait-	mediated	effects	 if	 individuals	with	 longer	wings	pay	a	
cost	 for	 behaving	more	 cautiously,	 such	 as	 a	 lower	 foraging	 intake	
rate	 (McNamara	 &	Houston,	 1987).	Major	 avian	 predators	 of	 small	
sandpipers,	 such	 as	 peregrine	 falcons	 and	 merlins	 (F. columbarius; 








in	predation	danger	at	different	 time	and	 spatial	 scales	 (e.g.,	Hilton,	
Ruxton,	&	Cresswell,	1999;	Lank,	Butler,	 Ireland,	&	Ydenberg,	2003;	
Ydenberg	 et	al.,	 2004,	 2010;	 Pomeroy,	 Butler,	 &	 Ydenberg,	 2006;	
Sprague,	Hamilton,	&	Diamond,	2008;	Beauchamp,	2010;	Fernández	
and	Lank,	2010;	Martins	et	al.,	2015,	and	references	therein).	We	hy-







We	 estimate	 the	 post-	1980	 rate	 of	 phenotypic	 decline	 in	wing	
length	 at	 1,098	 darwins	 and	 0.176	 haldanes,	which	 fall	well	within	
the	 range	 estimated	 by	 other	 studies	 of	 microevolutionary	 change	
of	a	decade	or	longer	in	duration	(see	Table	1	in	Hendry	&	Kinnison,	
1999;	Kopp	&	Matuszewski,	2013).	Hence,	 it	 is	plausible	 that	 these	
changes	 are	 primarily	 a	 direct	 genetically	 based	 response	 to	 selec-
tion.	 In	addition	to	or	along	with	selection,	 the	change	 in	size	could	
be	 an	 induced	 defense,	 as	 in	 crucian	 carp	 (Carassius carassius),	 in	




It	 is	 in	theory	possible	that	 individual	semipalmated	sandpipers	alter	
feather	morphology	during	the	annual	wing	molt	based	on	experience	
gained	during	the	previous	southward	migration	or	a	more	generalized	
assessment	 of	 their	 danger	 landscape.	 Such	 a	mechanism	 not	 been	
demonstrated	in	birds,	to	our	knowledge,	although	wing	morphology	







risk	 increased	yolk	 testosterone	 in	 clutches	of	 great	 tits,	 and	young	
hatching	from	treated	nests	grew	wings	at	faster	rates	and	had	longer	
wings	at	maturity	 than	 those	 in	 control	nests	 (Coslovsky	&	Richner,	
2011;	Coslovsky,	Groothuis,	de	Vries,	&	Richner,	2012).
5  | CONCLUSION
The	wing	 lengths	 of	 semipalmated	 sandpiper	 populations	 increased	
during	 the	decades	prior	 to	1980	and	subsequently	decreased	with	
no	 accompanying	 systematic	 changes	 in	 bill	 length.	 The	 changes	 in	
wing	 length	 documented	 here	 coincide	 temporally	 with	 continent-	





ficient	 long-	distance	migration	 (longer,	 more	 tapered	wings)	 versus	
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1.44 mm (±2 SD).	The	actual	mean	difference	between	the	10	pos-
sible	pairs	of	observers	was	0.97	±	0.65	(SD) mm.
We	 conclude	 that	 individual	 wing	 length	 measurement	 baises	
among	observers	involved	in	this	study	are	on	the	order	of	±	<1.0	mm	
from	a	global	mean.
F IGURE  A1 Estimated	measurement	biases	of	12	individuals	on	
flattened	wing	lengths,	in	mm,	expressed	as	deviations	from	a	mean	
of	101.2	mm.	All	individuals	measured	>350	wings	during	one	year	
at	James	Bay	1974–1982;	some	did	so	in	multiple	years.	Each	bar	is	
the	estimate	of	individual	observer	effect	from	a	maximum	likelihood	
model	(SAS,	Proc	mixed)	predicting	wing	length	as	a	function	of	
individual	(random	effect,	all	p	>	.0001),	year	(p	ranged	from	>.0001	
to	0.54	among	years),	date	measured	(p	=	.112),	and	a	year*date	
interaction	term	(p	ranged	from	.003	to	.763;	without	the	interaction	
term	p	for	date	<.0001)
